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Abstract 

The research is concerned with a special type of plates characterized by its lower density and enhanced 

physical properties such as compressive strength ,flexural strength, density , absorption and impact 

strength. 

A compressive strength of  22.5 MPa at 28 days and 30 MPa at 90 days was obtained using suitable 

proportion of cement and lightweight thermeston aggregate. 

The compressive strength of the mortar mixes using 5% and 10% fly ash was increased by (56.6%,77.7%) 

and (66.6, 91.1) % at 28 and 90 days age respectively. 

Using fly ash powder caused a clear drop in water absorption indicating a decrease in volume of open 

pores because high fineness of fly ash. 

Include, the low density and  absorption and high compressive strength, flexural strength and  impact 

strength with use fly ash and carbon fiber. 
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Introduction 

Concrete is a composite material composed of coarse granular material (the aggregate or filler) 

embedded in a hard matrix of material (the cement or binder) that fills the space between the 

aggregate particles and glues them together. We can also consider concrete as a composite 

material that consists essentially of a binding medium within which are embedded particles or 

fragments of aggregates. Also it is a brittle material with low tensile strength and low strain 

capacity  that  result in low resistance to cracking. To improve such properties, fiber reinforced 

concrete (FRC) has been developed. Fibers are intended to improve tensile strength, flexural 

strength, toughness and impact strength , to change failure mode by means of improving post-

cracking ductility, and to control cracking .Tensile strength of the composite, related more to the 

stress at which matrix develops a macro crack, will not differ much for most conventional fiber 

reinforced cementitious materials(1). 
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For several decades, the structural lightweight aggregate concrete has used in many different 

applications, including, buildings, bridges, floors, partitions, etc. . This kind of concrete is a 

popular material in construction industry due to some exclusive benefits such as good tensile 

capacity, low coefficient of thermal expansion and superior heat as well as sound insulation 

capability (2). 

the use of different waste material like flyash in concrete has started to increase rapidly due to 

reasons such as economic savings and positive effects on the environment. 
Lightweight concrete (LWC) is one of the most interesting subjects for researchers because of its 

advantages such as the reduction in concrete member size, reinforcement, formwork and scaffolding, 

foundation costs as well as the savings derived from the reduced cost of transport and erection(3). 

Lightweight concrete is defined as having an oven-dry density range of approximately 300-2000 

kg/m3 (4). The compressive strength of lightweight concrete larger than 15 MPa is considered to 

be the structural concrete by RILEM /CEB(5). 

In this study, the focus was on carbon fiber and its impact on the properties of concrete. 

Moreover, Carbon fibers are low in density, especially compared to steel fibers; their strength-to-

density ratio is one of the highest among all fibers types. Carbon fibers have much higher specific 

strength and stiffness than metallic fibers and for this reason their use for strengthening and 

stiffening building materials such as plastics and concrete, are attractive(6). 

Review of previous research 

Reinforced plates can be defined as a composite material, composed of two or more materials to form a 

new substance with properties that is  different from its constituents  in behavior and properties. 

Neville 2010(1)defines high-performance concrete as a concrete with  high resistance and low 

permeability noting that the high performance concrete need to reduce the size of voids and this is done by 

using micro mineral additives like types of pozolana active microsilica. Neville considered the  high-

performance concrete as a development and extension of the conventional  concrete. 

Wasan I. Khalil and Akar Abdulrazaq(7):  They studied the  mechanical properties of high 

performance carbon fiber concrete are studied. The experimental work includes, producing high 

performance concrete using superplasticizer and condensed silica fume reinforced with different 

volume fractions (0%, 0.2%, 0.3%, 0.4% and 0.5%) of carbon fibers. The effect of chopped 

carbon fibers on the mechanical properties (compressive strength, splitting tensile and flexural 

strengths, and modulus of elasticity) of high performance concrete was also studied. Generally, 

the results show that the addition of carbon fibers improves the mechanical properties of high 

performance concrete. Also the results show that Using condensed silica fume as addition by 

weight of cement increases the compressive strength more than that as replacement by weight of 

cement. 
 Chang, C.Y. 1995(8) showed that the increaseof fiberamountincreased the compressive , splitting tensile 

and flexural strengths. 

The scope of  study Yazdi M.A. (2014)(9) was to replace the industrial steel fibers of controlled 

quality with recycled ones. Compressive, tensile, flexural and impact tests were performed 

observing the mechanical properties of a 28-day reinforced concrete (RC) specimen to compare 
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with the same apparatus of RC with mixed steel wires, mixed steel fibers as well as plain 

concrete. The percentage of fibers on all fiber reinforced concrete (FRC) specimens was 0.25%, 

0.5% and 0.75% in volume fraction of the concrete. 

Al-Jalawi (10)presents properties of high performance concrete reinforced with relatively high 

percentage of choped carbon fibers vol. fraction  ranging from (1 to 5) %. The great advantage of 

such composites is their relatively high flexural strength. A low water to cement ratio of 0.3 with 

super plasticizer was used in order to keep the cement mix easily workable. To improve the 

properties, a locally existing pozzolan based on reactive meta- kaolin was used in the mixture 

together with silica sand. A high modulus carbon fibers (450 KN/mm
2
) were also used. In 

addition to the flexural strength, dynamic modulus of elastisity were found using dynamic 

methods.  

Impact Resistant test (ACI 544.2R-99)(11) 

Improved impact resistance (dynamic energy absorption as well as strength) is one of the 

important attributes of FRC. Several types of tests have been used tomeasure the impact 

resistance of FRC. These can be classified broadly, depending upon the impacting mechanism 

and parameters monitored during impact, into the following types of tests:17 (a) weighted 

pendulum Charpy-type impact test; (b) drop-weight test (single or repeated impact); (c) constant 

strain-rate test; (d)projectile impact test; (e) split-Hopkinson bar test; (f) explosive test; and (g) 

instrumented pendulum impact test. 

Conventionally, impact resistance has been characterized by a measure of (a) the energy 

consumed to fracture a notched beam specimen (computed from the residual energy stored in the 

pendulum after impact); (b) the number of blows in a “repeated impact” test to achieve a 

prescribed level of distress; and (c) the size of the damage (crater/perforation/scab) or the size 

and velocity of the spall after the specimen is struck with a projectile or after the specimen is 

subjected to a surface blast loading. 
 

The materials used 

cement: 

The ordinary portland cement has been used  and after physical and chemical tests we founded  identical 

to the Iraqi Specification (IQS) No. (5) 1984(12) 

Thermeston Aggregate 

Broken Thermeston Aggregate was used, which is waste of thermeston factory  .They were identical to  

(ASTM C330)(13) sieve analysis, rodded dry density = 4.8 kN / m 3, porosity of 45.3%, specific gravity 

1.41 , absorbed 36.6%. 

Water 

Ordinary tap water is used in the experimental process as mixing water.  Curing was done by putting 

samples in a closed polyethylene bags. 
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Carbon fiber 

                Carbon fiber is a synthetic fiber with Levy shape composed of carbon micro-crystals 

formed as a result of Tlyev consisting of acrylic processing distillates oil and coal resin at certain 

temperatures as show in figure (1) 

          

 

 

 

 

 

 

Figure (1): Carbon fiber   

Used in this research carbon-fiber cut short from producer company (Fosroc Jordan). And 

properties of fibers used are shown in the following table . 

Additives 

Two type of additive was used :, fly ash.( mineral additive) Also used chemical additive super plasticizer 

type G. 

1-Fly ash 

Fly ash is a by-product of burning pulverized coal in an electrical generating station. Fly ash is a 

pozzolanic material. It is a finely-divided amorphous alumino-silicate with varying amounts of calcium, 

which when mixed with portland cement and water, will react with the calcium hydroxide released by the 

hydration of  portland cement to produce various calcium-silicate hydrates (C-S-H) and calcium-aluminate 

hydrates. 
2- Super plasticizer 

Its properties are as follow : 1-super plasticizer type G was used  according ASTM C494(14) and British 

BS 5075 2-A dark brown liquid 3- specific weight ratio of 1.1 4- chlorides do not exist, 5- the 

recommended dosageto be used is  (0.8 - 1.5)% of cement weight in the concrete mix. 

Trial mixes of mortar ferrocement 

The trial mixes of(Aljalawi 1997)(15) was used and in order to achieve the required properties. A number 

of experimental mixtures was used depending on different variables such as, water cement ratio, 
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compressive strength. Through the results of this experimental concrete mixes we reached to set a series of 

mixtures to study the variables mentioned above. 

The ratio of cement to aggregate mixtures is 1: 1.1: 1.5, 1: 2 by vol.. Then water cement ratio was changed 

to get the required properties, it was noted that the percentage of water cement ratio of  0.4 is appropriate 

to the requirements of this research. 

Mixing and casting concrete 

The mixing process was conducted using a manual mixing and according to the American Standard 

ASTM C-192(16). Thus we obtained a mix concrete, elastic and cohesive without excessive smoothness. 

After the complete of mixing, concrete is casted into metal molds and then compacted using a vibrating 

table. 

Curing 

After completion of the casting process templates were covered directly by polyethylene foil to prevent 

evaporation of water from fresh concrete and  was left for 24 hours. They were then taken out from mold 

and saved in ethylene closed plastic bags for 28 days. This method has been followed in accordance with 

the recommendations of the American Standard ASTM C-192. 

Laboratory tests 

Strength activity index 

We found it for fly ash  according to specifications of (ASTM C-311)(17). 

Flow test 

Flow test is done in the lab. to identify the extent of their tendency for segregation and workability. This 

test expresses, the extent cohesion of concrete components together. This test was  according to ASTMC-

230 (18)which is  calculated according to formula No. (1) 

Flow = {(D1-D)} / D1} * 100. ………….(1) 

Where D1=original dia. D=scattered dia. 

Compressive strength test 

Concrete samples had been used with mold measuring 50 mm to find a compressive strength of light 

weighted concrete according  to American Standard ASTM C-109(19) and with  an average of three 

samples for each test. 

Density test 

We found density for mix of concrete in the dry state air according to American Standard ASTM 

C-567(20). 

Flexural Strength 

It was done  according to the American standard (ASTM C-78)(21) where loading was done  by hydraulic 

device and by  using proving ring with measuring deflection by dial gauge accuracy 0.01 mm and plates 

were used with measurements of panels (30 * 200 * 500 mm). 
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Absorption test 

Absorption test was done to assess the permeability of the mortar. Each mix used in this research was 

according  to ASTM C642(22) . 

Impact strength 

An  iron block was used thrown from a meter high on the plates to measure the impact strength of plates 

dimensions (500 * 200 * 30) mm reinforced by number of layers of meshes and unreinforced  at different 

curing days  (28-90)days . 

5-Results and Discussion 

The influence of the proportion of fly ash  

from table (1) we can notice that  the increase in the proportion of the replacement fly ash  leads to 

increase the compressive strength( 77.7- 91.1) % ( 56.6- 66.6)% at 28 days and 90 days respectively. 

(Nassif et al 2005)(23)  

Behavior lightweight plates in flexural strength 

The flexural strength for reinforced plate is high if compared with unreinforced plate, because the  

increment volumetric ratio of reinforced plates lead to a strengthening the link between mortar and fibers 

(Chung.D.D.L  2000)(24), as well as high modulus of elasticity for fibers  lead to  high  modulus of 

elasticity for reinforced  light weighted  plates, the results are shown in table (2). 

Effect of replacement fly ash by weight of cement on the absorption 

The use of fly ash leads to improve the properties of mortar light weighted porous and reduce the gaps 

where these materials react with Ca (OH) 2 of cement hydration composed materials stable and is working 

to fill in the blanks and thus reduce the porosity. 

Effect of volumetric ratio of reinforced on the impact properties 

Increase volumetric ratio of reinforced plates in  light weighted plate results in high resistance to impact, 

and lead to good mechanical properties to prevent cracking and absorb the high-energy, making plates 

with higher durability and flexibility to make it withstand external shocks better than light weighted plate 

without reinforcement (Dhaher2001, Husein, N. R. 2013)(25,26). the results are shown in table (2). 

Conclusions 

 In this paper , this type of high-performance , light weighted plates was produced using local raw 

materials and studying physical properties. 

1- The optimum mix is cement with the fine aggregate thermestone  ratio of 1: 1 and the ratio of 

water to cement  is 0.4 with the replacement of 10% fly ash by weight of cement 

2- Compressive strength of this type of concrete between (  22.5-43 MPa at age 28 days and between 

(30-50) MPa at age 90 days.  The compressive strength  for the mixture with fly ash to reference 

mix was increased ( 56.6-77.7)%  and (66.6-91.1)% at 28 days and 90 days respectively . 
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3- Flexural strength: The addition of fiber reinforcement lead to an increase in flexural strength 

compared with unreinforced mortar  and this increment reached (40.7-77.3)%and ( 23.5 -61.7)% 

at 28 days and 90 days respectively . 

4- It was observed that the replacement fly ash  reduce the absorption ratio of mortar because it has 

fine material that works on reducing the porosity of the mortar due to fineness. 

5- Impact strength test results showed that the impact of plates  increase with the volumetric ratio of 

fiber reinforced plates. When panels are unreinforced they fail with three hits, compared to 30 hits 

for plates that are  reinforced with volumetric ratio amount of (2 %). 
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Table (1) physical properties of thermestone mortar  

Mix symbol Flow % 
Admixture 

ratio% 
Comp. strength 

MPa(28 days) 

Comp.strength 

MPa(90 days) 

Absorption% 

(28 days) 

Absorption % 

(90 days) 

Ref. 87 0 22.5 30 7.3 7 

fl 1 70 5 
40 47 6.1 5.9 

fl 2 77 01 
43 50 5.8 5.6 

 

Table (2) flexural strength for lightweight plates 
 

Mix 

symbol 

Admixture 

ratio% Vf % 
Density 

Kg/m3 

Flexural strength 

MPa(28days) 

Flexural strength 

MPa(90 days) 

Fl 2 
0 0 1710 2.82 3.4 
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Table (3) impact strength for lightweight plates 

Mix 

symbol 

Impact strength at 28 days Impact strength at 90 days 

No of hits until first 

crack 

No of hits until 

failure  

No of hits until first 

crack 

No of hits until 

failure  

Fl 2 
1 3 1 5 

Fl 21 
3 18 4 22 

Fl 22 
6 25 8 30 

 

Fl 21 
10 1.0 1730 3.97 4.2 

Fl 22 
10 2.0 1742 5.0 5.5 


